Conservation of the heterodimeric glycoprotein hormone subunit family proteins and the LGR signaling system from nematodes to humans.
Glycoprotein hormones, follicle-stimulating hormones (FSHs), luteinizing hormones (LHs), thyroid-stimulating hormones (TSHs), and chorionic gonadotropin (CG) are key endocrine hormones secreted from the pituitary gonadotrophs and thyrotrophs and the placenta in primates. These hormones, consisting of a common alpha subunit and a specific beta subunit, act through the FSH receptor (FSHR), the LH receptor (LHR), and the TSH receptor (TSHR) that are highly specific for their cognate hormones. These glycoprotein hormones are structurally and functionally conserved in various vertebrates and have been identified in most lineages of actinopterygians (bony fish) and sarcopterygians (tetra-pods). Of interest, recent genomic studies showed that vertebrate glycoprotein hormone receptors belong to an ancient subfamily of G protein-coupled receptors (GPCRs) named as leucine-rich repeat-containing GPCRs (LGRs). These findings have prompted the hypothesis that there could be additional glycoprotein hormones in vertebrate genomes. Indeed, searches of vertebrate genomes have led to the identification of two novel glycoprotein hormone subunits, glycoprotein alpha 2 (GPA2) and glycoprotein beta 5 (GPB5), as well as their homologs in invertebrates. Subsequently, it was demonstrated that GPA2 and GPB5 form a heterodimeric hormone, thyrostimulin/OGH, capable of activating TSHR in vivoand the thyroid axis in transgenic mice. However, the exact role of this novel glycoprotein hormone and its homolog in invertebrates is not clear. To gain a better understanding of the physiological role of the novel glycoprotein hormone subunits and their evolution, it is imperative to carry out systematic studies of these genes in representative model species. In the present report, we summarize our findings based on studies of genomes of model organisms from sea anemones to humans. We found that GPA2 and GPB5 represent the ancient forms of glycoprotein hormone alpha and beta subunits, respectively, and that vertebrate and invertebrate glycoprotein hormone subunit proteins shared common ancestors that evolved during early metazoan evolution. It is important to note that glycoprotein hormone alpha and beta subunit proteins from invertebrates formed a heterodimer with structural functional characteristics similar to that of vertebrate glycoprotein hormones. Taken together, both glycoprotein hormone alpha and beta subunits evolved before the evolution of nematodes, arthropods, and vertebrates.